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HUMAN PROTEINS RESPONSIBLE FOR NEDD8 
ACTIVATION AND CONJUGATION 

(Attorney Docket No. 102603-172) 

This invention was supported in part by grant number GM53136 from 
National Institutes of Health. The government has certain rights in this invention. 

This application is a continuation-in-part of provisional application Senal 
No. 60/068,209, filed 19 December 1997, and a continuation-in-part of prov^onal 
application Serial No. 60/096,525, filed 12 August 1998. 

BACKGROUND OF THE INVENTION 

PipM of thp invention 

The invention relates to covalent modification of proteins through their 
conjugation with other proteins. More particu.arly, the invention relates to the 
modulation of such conjugation involving the protein NEDD8. 

gu mmaa of the related art 

Covalent modification of proteins through their conjugate with other 
proteins is an rmportant biological mechanism for regulating protein --holism 
and biological activity. Hershko and Ciechanover, Annu. Rev. Biochem. fit 61-807 
(1992) discloses conjugation of ubiquitin, one of the most conserved eukaryotic 
proteins, to other proteins through an enzymatic mechanism, as well as its role in 
protein degradation. Roc, * Cell ZS: 761-771 (1994) discloses that > 
of protein antigens is required for processing of such antigens. Murray, Cell fit 149- 
152 (1995), teaches that ubiquitina.ion of cyclin is involved in cell cycle regulation. 
Scheffner et al, Cell 75: 495-505 (1993) discloses that ubiquitination of p53 is 
involved in degradation of this tumor suppressor. 

The enzymatic pathway for ubiquitination has been reasonably well defined. 
Tentsch Annu. Rev. Genet. 2& 179-207 (1992) discloses that ubiquitination requires 
initial activation of a conserved C-.erminal glycine residue by the ubiquitin 
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activating enzyme, El, through formation of ubiqui.in adenylate in an ATT- 
dependent process which liberates PPi, foUowed by thiol ester formation at a throl 
S Z in El with release of AMP. Ubiqui.in is then transferred to a 
ubiquitin coniugating enzyme, E2, through formation of a thiol ester bond. 
5 Ubiqui.in is then transferred to an epsilon amino group of a lysme resrdue m the 
ta et protein through an amide Unkage, usualiy with the mvoivemen, ofub.qurt n- 
X e hg g ase, E3. Hopkin, , Ha, in, HeaHh R e, , 

that target specificity is regulated by the particular combinat.on of E2 and E3 protem, 
with more than 30 E2 proteins and 10 E3 proteins being known at present. 

UbiquiUn is not the only pro.cn which is used to modify other pro em 
th rough covalen. linkage, however. Kamitani a ,. Bio,. Chen, 22* 14001-14004 
H997) discloses that sentrin, a ubiquitin-like protein, appears to be processed 
Lilly to ubiquitin, bu, has a smalier target pro.em repertoire than ubrquthn. 
Okura I aU V Immunol. ^. 4277-4281 (2996) teaches that sentrin protects^ 
15 against anti-FAS and tumor necrosis factor-mediated cell death. Loeb and Haas, J. 
L Chem. 267: 7806-7813 (1992), d.scloses that ubiqui.in cross-reacbve protem 
"cRP), whicn contams two ubiquitin domains, is conned to a large nurn e of 
ntracellular proteins. Kumar et al, Biochem. B.ophys. Res. Common. MS U»- 
1M1 (1 992), Loses ano.her ubiquitin-Uke pro.ein, called NEDD8, for Neur 1 
20 precursor ceii-Expressed Deve.opmen.aUy Down regula.ed. Kam,aru J. Biol. 
Chem 272- 28557-28562 (1 997), teaches that NEDD8 is predominantly expressed m 
the nuciTus and is conjugated to target proteins through a mechanrsm analogous to 
ubiquitination. 

These proteins, which covalently modify other cellular protems, are 
25 important components of biologica! reguiatory processes. The nuciear expresston 
p : tern and deveiopmen,, regulation of NEDD8 make it a partrcuiarly compelhng 
andidate as an important reguiatory molecule. There is a need, thereto 
understand the roie of NEDD8 in bio.ogica, reguiation. Unfortunately the ,a 
understanding about the specific proteins involved in NEDD8 con.ug.Uon has 
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resulted in a lack of effective tods to probe the role of NEDD8. There is, therefore, 
need for better tools to utilize in elucidating the role of NEDD8 in biologrcal 
regulation. Ideally, such tools would allow modulation of the activation and/or 
conjugation of NEDD8. 
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BRIEF SUMMARY OF THE INVENTION 

The invention provides compositions and methods for detecting and/or 
modulating the conjugation of NEDD8 and/or its transfer to a target prote.n, as well 
as compositions and methods for discovering molecules which are useful m 
detecting and/or modulating the conjugation of NEDD8 and/or its transfer to a 
target protein. The present invention arises from the purification and 
characterization of novel NEDD8 activating and conjugating enzymes. 

in a firs, aspect, the invention provides purified NEDDS-acfivating protem 
beta subunit (NAEl-beta). The primary amino acid sequence of a preferred 
embodiment of such NAEl-beta protein is shown in Figure 1. 

in a second aspect, the invention provides NAEl-beta expression elements. 
Such elements include, without limitation, isolated or recombinant nucleic acrd 
sequences encoding NAEl-beta or nucleic acid sequences specifically homologous or 
15 specifically complementary thereto, vectors comprising any such nuclerc acrd 

sequences and recombinant expression units which express NAEl-beta or, anfisense 
transcripts or dominant negative mutants thereof. 

The purified protein and its structural information provided herein enables 
the preparation of NAEl-beta-binding molecules (NAElBBMs). Thus, in a thrrd 
aspect the invention provides methods for identifying NAElBBMs. One preferred 
method according to this aspect of the invention comprises screening for 
NAElBBMs by contacting purified NAEl-beta according to the invention and 
populations of molecules or mixed populations of molecules and determining the 
presence of molecules which bind specifically to NAEl-beta. Another preferred 
method according to this aspect of the invention comprises rationally designing 
molecules to bind NAEl-beta based upon structural information from the punted 
NAEl-beta protein provided by the invention and determining whether such 
rationally designed molecules bind specifically to NAEl-beta. This aspect of the 
invention includes NAElBBMs identified by the methods according to the 



20 



25 



4 



10 



15 



'""'nAEIBBMs can be used in conventional assays to detect the presence or 
absence, and/or quantity of NAEl-beta, NAE1 heterodimer, or NAE1 
h etetodimer/NEDD8 complex in a biological sample. Thus, » a fourth aspect, 
invention provrdes methods for determining the presence « 

auantity of NAEl-beta, NAE1 heterodimer, or NAE1 heterodrmer/NEDDS complex 
nig cal sample. Such methods comprise proving a detectable NAE1BBM to 
«cal samp, P al.owing the detectable NAE1BBM to bind to NAEl-beta, NAE1 
heterodimer, or NAE1 heterodimer/NEDDS complex, if any is present m he 
biological sample, and detecting the presence or absence and/or quanUty of a 
complex of the detectable NAE1BBM and NAEl-beta, NAEl-heterod.mer, or 
heterodimer/NEDDS complex. 

Nucleic acid sequences specifically complementary to and/or specially 
hom 0l ogous to nucleic acid sequences encoding NAEl-beta can also be used m 
convention, assays to detect the presence or absence of NAE!-beta nuderc acu, m a 
biological sample. Thus, in a fifth aspect, the invention proves methods fo 
determining the presence or absence and/or quantity of NAEl-beta nucleic acid .n a 
biological sample. In preferred embodiments, such assays are nucleic actd 
hybridization and/or amplification assays, such assays comprising proving to the 
biological sample a nucleic acid sequence which is specifically complementary to 

NAEl-beta nucleic acid. 

in a sixth aspect, the invention provides methods for identifying modulating 
Ugands of NAEl-beta. Some NAEIBBMs are capable of acting as antagonists or 

onists of NA E1 -beta. Thus, the method according to this aspect of the 
comprises providing NAEIBBMs to an assay system for NAEl-beta participation m 
th e NEDDS-activation/conjugation pathway, and determining whether such 
NAEIBBMs interfere with or enhance the ability of NAEl-beta to participate m the 
HEDDS-activahon/coniugation pathway. The NAEIBBMs are preferamy provtd 
as a population of molecules (most preferably rationally designed molecules), or as . 
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mixed population of molecules, as for example in a screening procedure This 
Tspec. of the invention includes modulating ligands of NAEl-beta idenhfed by thus 
method according to the invention. 

to a seventh aspect, the invention provides modulating ligands of NAEl- 
beta Preferred modulating ligands are NAElBBMs which act as antagomsts, 
interfering with the ability of NAEl-beta to participate in the NEDD8- 
activation/conjugation pathway. Other preferred modulating ligands are 
NAElBBMs which act as agonists, enhancing the ability of NAEl-beta to parbctpate 
in the NEDDS-activation/conjugation pathway. In certain embodtments, such 
NAElBBMs preferably interact with NAEl-beta to inhibit or enhance the ormabon 
of NAE1 heterodimer, the formaUon of NEDD8 adenylate, the formation of a throl 
ester bond between NEDD8 and NAE1, and/or transfer of NEDD8 to NEDD8- 

conjugating enzyme. 

to an eighth aspect, the invention provides methods for modulatmg the 
; activation and/or conjugation of NEDD8. One preferred embodiment of the 
method according to this aspect of the invention comprises providmg a modu at 
iigand of NAEl-beta or a recombinant expressron unit which expresses NAEl-beta 
or an antagonist thereof to a biological system in which NEDD8 is conjugated to 

0 """to: aspect, the invent.on provtdes oligonucleotides that are specmcaUy 
complementary to a portion of a nucleotide sequence shown in Ergure h Preferred 
embodiments include hybridization probes and antisense oligonuc leoude. 

In a tenth aspect, the invention provides methods for identifymg NAE1- 
alpha binding molecules (NAElABMs). The present inventors have identtoed the 
25 alpha subuni. of the NAE1 heterodimer (NAEl-alpha). Surprisingly, rt has an 
amino actd sequence which is substantially identical to a protein prevrously 
identified as amyloid precursor protein binding protein 1 (APP-BP1; see Chow rtd 
, Biol. Chem. 2& 11339-11346 (1996)) One preferred method accordmg to thts , - 
of the invention comprises screening for NAElABMs by contacting punfted 
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alpha and populations of molecules or mixed populations of molecules and 

I presence of molecules which hind specific^ to » 
Another preferred method .cording to this aspect of the mvenhon compnses 
rationally designing molecules to bind NAEl-alpha based upon structural 

fl L NAEl-alpha protein identified b y the present inventor . ^and 
determining whether such rationally designed molecules bind specially to NAE1- 
!,p h , Thl! aspect of the invention includes NAElABMs identified by the methods 

according to the invention. 

NAElABMs can be used in conventional assays to detect the presence or 
absence, and/or quantity of NAEl-alpha, NAE1 heterodimer, or NAE1 
h eterodimer/NEDD8 complex in a biologica. sample. Thus, rn an eleventh aspe t, 
the invention prov.des methods for determining the presence or absence a d/or 
quantity of NAEl-a.pha, NAE! heterodimer, or NAE! heterodrmer/NEDDS 
complex in a biological sample. Such methods comprise providing , .detectable 
NAE1ABM to a bio.og.cal sample, allowing the detectable NAE1ABM o bmd o 
NAEl-alpha, NAE! heterodimer, or NAE1 heterodimer/NEDDS complex f any 
present in the biologicai sample, and detecting the presence or absence = and/or 
quantity of a complex of the detectable NAE1ABM and NAEl-alpha, NAE - 
he erolmer, or NAE1 heterodtmer/NEDDS complex. In preferred embod.ments, 
riethod accordmg to this aspect of the invention is used to detect the presence or 
absence, and/or quantity of NAE1 heterodimer or NAE1 heterodtmer/NEDDS 
complex in a biological sample. ■ 

Nucleic acid sequences specifically complementary to and/or specially 
homologous to nucleic acid sequences encoding NAEl-alpha can also be used m 
onTent ona, assays to detect the presence or absence of NAEl-aipha nuclerc act m 
a btologtcal sample m which NEOOS conjugation is suspected. Thus m a — 
aspect, the invention provides methods for determining the presence or bsence 
and/or quantity of NAEl-alpha nucleic acid in such a biological sample In 
preferred embodiments, such assays are nucleic acid hybridization and/or 
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amplication assays, such assays uprising providing to the 

nucleic acid sequence which is specifically complementary to NAEl-alpha nuclerc 

aC ' d ' In an thirteenth aspect, the invention provides methods for identifying 
modulating ligands of NAEl-alpha. Some NAElABMs are capable of acting as 
rionJ ofagonists of NAEl-alpha. Thus, the method according to *. aspect^ of 
the invention comprises provide NAElABMs to an assay system for NAEl-alpha 
participation in the NEDDS-activation/conjugation pathway, and de.ermmmg 
Inether such NAElABMs interfere with or enhance the ability 
participate in the NEDDS-activation/conjugation pathway. The NAElABMs 
preferably provided as a population of molecules (most preferably rationa Uy 
designed molecules), or as a mixed population of molecules, as for example m a 
screening procedure. This aspect of the invention includes antagonists or agomsts 
of NAEl-alpha identified by this method according to the inventron. 

IP a fourteenth aspect the invention provides a purified complex of NAE1- 
b eta and NAEl-alpha, or of NAEl-beta, NAEl-alpha and NEDD8, or a purihed 
complex of portions thereof. 

In a fifteenth aspect, the invention provides modulating hgands of NAEl- 
alpha. Certain preferred modulating ligands are NAElABMs which ac, as 
antagonists which interfere with the ability of NAEl-alpha to parucrpa e m *e 
NEDDS-activation/conjugation pathway. Other preferred modulating Ugandsare 
NAElABMs which act as agonists which enhance the ability of NAEl-alpha to 
participate in the NEDDS-activation/conjugation pathway. Preferably, such 
IhibiL or enhancement is specific, as described above. In certam embod^ents, 
3 s^ modulating Ugands preferably interact with NAEl-alpha to inhibit or enhance 
the formation of NAE1 heterodimer, the formation of NEDD8 adenylate the 
formation of a thiol ester bond between NEDD8 and NAE1, and/or transfer of 
NEDD8 to NEDD8-conjugating enzyme. 

in a sixteenth aspect, the invention provides methods for modulating the 
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activation and/or conjugation of NEDD8. One preferred embodiment of the 
method according to this aspect of the invention comprises providing — 
.igand NAEl-alpha or a recombinant expression unit which expresses NAEl-alpha 
or an antagonist thereof to a biomgical system in which NEDD8 is conjugated to 

5 another protein. 

in a seventeenth aspect, the invention provides allelic var.ants of NAE-1 
alpha This aspect of the invention further inc.udes NAEl-aipha allelic variant 
expression elements. Such elements include, without limitation, isolated or 
recombinant nucleic acid sequences encode NAEl-alpha, or nucleic acid sequences 
10 specifically homologous or specifically compiementary thereto, vector, compnsmg 
any such nucleic acid sequences, and recombinant expressron umts whrch express 
NAEl-beta or antisense transcripts or dominant negative mutants thereof. 

In a eighteenth aspect, the invention provides methods for modulating auxm 
response in plants. The present inventors have discovered that NAEl-alpha shares 
39 % identity and 61% conserved residues with Auxl in A. T«»™ whrch ts 
involved in signal transduction in the auxin response in plants. Th,s suggests that 
antagonists of NAEl-beta and/or NAEl-alpha should down-regulate the auxm 
response, and that expression of NAEl-beta and/or NAEl-alpha should up-regu,ate 
the auxin response. One preferred embodiment of the method according to thus 
Z ect of the invention comprises providing a modulating Ugand of 
NAEf-alpha or a recombinant expression unit which expresses NAEl-beta or NAE1 
or an antagonist thereof to a plant that is under auxin treatment. 

In a nineteenth aspect, the invention provides methods for modulanng the 
biological role of APP and/or beta peptide accumulation in a biological system. The 
25 present inventors have discovered that NAEl-alpha is substantially the same 

"protern as amyloid precursor protein binding protein-1 (APP-BP1). Thrs suggests 
L antagonists or agonists of NAEl-beta and/or NAEl-alpha shou.d modulate APP 
function, including its role in beta peptide accumulation. One preferred 
embodiment of the method according to this aspect of the invention compnses 
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providing a modulating ligand of NAEl-beta or NAEl-alpha or a recombinant 
expression unit which expresses NAEl-beta or NAE! or an antagonist thereof to a 

biological system. , r 

In an twentieth aspect, the invention provides two new punted NEDD8- 
5 conjugating enzymes and allelic variants thereof. The primary am.no acid sequence 
of a preferred embodiment of a first such NEDDS-conjugating enzyme (NCEl) 
shown in Figure 2. The primary amino acid sequence of a preferred embodiment of 
a second such NEDDS-conjugating enzyme (NCE2) is shown in F.gure 5. 

In a twenty-first aspect, the invention provides NEDD8-conjugation enzyme 
l0 expression elements. Such elements include, without limitation, isolated or 

recombinant nucleic acid sequences encoding NCEl or NCE2 or dominant negative 
mutants thereof, or capable of expressing antisense transcripts thereof or nucleic acid 
sequences specifically homologous or specifica.ly complementary thereto, and 
vectors comprising any such recombinant expression elements, preferably 

15 expression vectors. 

The purified protein and its structural information provided herem enables 
the preparation of NCEl and NCE2 binding molecules, respectively NCElBMs and 
NCE2BMS. Thus, in a twenty-second aspect, the invention provides methods for 
identifying NCElBMs and NCE2BMs. One preferred method according to this aspect 
20 of the invention comprises screening for NCElBMs or NCE2BMs by contacting 

purified NCEl or NCE2 according to the invention and populations of molecules or 
mixed populations of molecules and determining the presence of molecules which 
bind specified to NCEl or NCE2. Another preferred method according to tbas 
aspect of the invention comprises rationally designing molecules to bind NCEl or 
25 NCE2 based upon structura, information from the purified NCE! or NCE2 provided 
b y the invention and determining whether such rationally designed mo ecules bind 
specifically to NCEl or NCE2. This aspect of the invention includes NCElBMs and 
NCE2BMS identified by the methods according to the invention. 

NCElBMs and NCE2BMs can be used in conventional assays to detect the 



10 



presence or absence, and/or quantity d NC E1 or NCE2, or NCE! or NCE2/NED08 
complex in a biological sample. Thus, in a twenty-third aspect, the mvenhon 
pZ es methods I determining the presence or absence and/or quantity of NCE! 
or NCE2, or NCE1 or NCE2/NEDD8 comp.ex in a biological sample. Such methods 
comprise providing a detectable NCE1BM or NCE2BM to a biologica! sample 
allowing the detectable NCE1BM or NCE2BM to bind to, respectively NCE1 or NCE2, 

respectively NCE! or NCE2/NEDD8 complex, if any is present in the btolog a 
sampl P e, and detecfing the presence or absence and/or quanfity oU -^ 
detectable NCE1BM or NCE2BM and NCE1 or NCE2, or NCE1 or NCE2/NEDD8 

COmPl Nucleic acid sequences specifically complementary to and/or specificaily 
homologous to nucleic acid sequences encoding NCE! or NCE2 can also be used m 
onven, onal assays to detect the presence or absence of NC E1 or NCE2 nucleic acd 
ta a btologica, sample. Thus, in a twenty-fourth aspect, the —on p~ des 
uaethods for determining the presence or absence and/or quanfty of NCE „ NCE2 
oucleic acid in a biological sample. In preferred embodiments, such assays re 
nu cleic acid hybridization and/or amplification assays, such 
providing to the biological sample a nucleic acid sequence wmch ts specially 
complementary to NCE1 or NCE2 nucleic acid. 
20 in a twenty-fifth aspect, the invention provides methods for rdentdymg 

modu.atingUgandsofNCE!orNCE2. Some NCElBMs or NCE2BMS are capab^ of 
:lg as antaUts or agonists of, respective, NCE! or NCE, J- «*- 
according to this aspect of the invention comprises proving NCE BM ; or 
NCE2BMS to an assay system for NCE! or NCE2 partictpatron m , the NEDD8 
25 activation/conjugation pathway, and determining whether such NCElBMs or 

HCE2BMS interfere with or enhance the ability of NCE! or NCE2 to parfiapate m 
The N EDD8-activation/coniugation pathway. The NCElBMs or NCE2BMS are 
preferably provided as a population of molecules (most preferably rafiona ly 
designed molecules), or as a mixed population of molecules, as for example m a 



11 



screening procedure. This aspect of the invention includes modulating hgands of 
NCE1 or NCE2 identified by this method according to the invention. 

in a twenty-sixth aspect, the invention provides modulating ligands of NCE1 
or NCE2 Preferred modulating ligands are NCElBMs or NCE2BMs which act as 
antagonists, interfering with the ability of NCE1 or NCE2 to participate in the 
NEDD 8-ac,ivation/conjugation pathway. Other preferred modulating hgands ar 
NCElBMs or NCE2BMS which act as agonists, enhancing the ability of, respec hvely 
NCE1 or NCE2 to participate in the NEDDS-activation/conjugation P»^" 
certain embodiments, such NCElBMs or NCE2BMs preferabfy ^interact - « 
NCE2 to inhibit or enhance the formation of a thiol ester bond between NEDD8 
NCE1 or NCE2 and/or transfer of NEDD8 to its target protem. 

,n a twenty-seventh aspect, the invention provides methods for modulatmg 
the conjugation of NEDD8 or its transfer to a target protein. One preferred 
embodiment of the method according to this aspect of the invention comprises 
providing a modulating ligand of NCE1 or NCE2 or a recombinant expression urn. 
which expresses NCE1 or NCE2 or an antagonist thereof to a biological system m 
which NEDD8 is conjugated to another protein. 

in a twenty-eighth aspect, the invention provides oligonucleotides that 
specifically complementary to a portion of a nucleotide sequence shown in Figure 
or Figure 5. Preferred embodiments include hybridization probes and antisense 
oligonucleotides. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig ure 1 shows the nucleotide [SEQ. ID. NO. 1] and predicted amino acid 
5 sequence [SEQ. ID. NO. 2] for NAEi-beta, with the two tryptic pept.de sequences 
highlighted by underline. 

Figure 2 shows the nucieotide [SEQ. ID. NO. 3, and predicted am.no aod 
sequence [SEQ. ID. NO. 4, for NEDDS-conjugating enzyme 1 (NCE1), with the achve 

Cys residue indicated. 
, 0 Figure 3 shows the alignment of NCE1 with yeast Ubcl2. 

Figure 4 shows results of an assay for thioester bond formation between 

NEDD-8 and NCE1. . 

Figure 5 shows the nucleotide [SEQ. ID. NO. 5] and predicted ammo aod 
sequence [SEQ. ID. NO. 6, for NEDDS-conjugating enzyme 2 (NCE2), wrth the achve 

15 Cys residue indicated. isjcE2 and a C elegayis gene of unknown 

Figure 6 shows homology between NCE2 and a eiegi g 

"gure 7 shows the sequence alignment of NCEr and NCE2 with k nown Ubc 
Figure 8 shows results of an assay for thioester bond formation between 



proteins 

20 

NEDD8 and NCE2 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The invention relates to covaien, modification of proteins through their 
conjugation with other proteins. More particularly, the invention relates to the 
ILiation of such conation invoking the protein NEDD8. The mventton 
provides compositions and methods for detecting and/or modula.mg the 

ion ofNEDDS and/or its transfer to a target protein, as wen as commons 
J methods for discovering modules whtch are usefui in detectmg and/ r 
modulating the coniugation of NEDD8 and/or its transfer to a target protem. The 
"eint invention arises from the purification and charactert.at.on of novel NEDD8 

are hereby incorporated by reference in entirety. Any inconsistency between these 
patents aid publauons and the present disclosure shall be resolved m favor of the 
15 present disclosure. 

,n a first aspect, the invention provides purified NEDD8-activating protein 
beta subunit (NAEl-beta). The primary amino acid sequence of a preferred 
embodiment of such NAEl-beta protem is shown in Figure 1 However th » 
20 -NEDDS-activating protein beta subunit", or "NAEl-beta", ts mtended to mclude 
Tv riants thereof An "allelic variant", as used herein, is a protetn havmg at 
I rZ^^- sequence, preferably at least about «. more preferably 
J a t about m. and most preferably at leas, about »* identity to the am actd 
„* forth in SEQ ID NO^or to a portion or protein conjugate thereof 
25 :r::tl he o o^al « of NAEl-beta (as part of the NAE1 heterodimer) 
" I f m tester lie/age with NEDD8 at a rate faster than that achieve. * human 
.biquitin activating enzyme 1, preferably at least 2-fo,d faster, more J-***^ 
.east 5-fold and most preferably at leas. 10-fold. Alternately, an allehc var an c n 
retain such biological activity and comprise a peptide sequence havmg at least 70/. 
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■a vwitv to the peptide sequence corresponding to residues 46-118 in 

n: * - ^ 

•„ , 119 166 at least 55% amino acid identity to the peptide sequence 

™ °< at least 35 % amino acid identity to the peptide 
5 : e corresponding to restdues ,76-375. Preferably such bio.ogically « Uve 
portion comprises a. least the PXCT motif, wherein X can he any ammo actd 
p erabiy a hydrophobic amino acid, more preferably methionme leuc.ne or 
soLcine and most preferably metbuonine. More preferably, 

:l portion comprises ammo acid sequence of residues 2U-217, more preferabiy 
10 Ipr ses at ieas, about 25 additionai amino acids of HAEl-beta, even m e 
preferably a, least about 50 additional amino acids of NAEl-beta, sttll more 
P p biy at least about 75 additional amino acids of NAEl-beta, yet even more 

ablv at least about 100 additional amino acids of NAEl-beta, most preferably 
: r ou ^ additional amino acids from NAELbeta. Such allelic var.ants 
at least about njAFl beta as discussed above, which is the catalytic 

T teins Such purified proteins may be obtained from natural sources, from 



residues. 



In a second aspect, the invention provides NAEl-beta expression element 
Such — inchl, without limitation, isolated or recombinant nucletc aod 
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fences ending NAEl-beta or dominant neganve mutants 
expressing antisense transcripts thereof or nucleic acrd sequences specially 
Jmologous or specify compiementary thereto, and vectors compnsmg any 
such recombinant expression dements, preferabiy expression vectors. 

F or purposes of the invention, amino acid sequence idenb.y and hom^ogy 
are determined using the program Clustal W Version !, to do sequence ahgnment 
(Th om P son * at, Nucieic Acids Res 2Z. 4673-4680 (.94)). For vrewmg air m* 
equences, the program GeneDoc Version 2.2 was used. A sequence ts specf ally 
homolgous" I another sequence if it is sufficient* homologous to specr ca Uy 

U it hvbridrzes to form Watson-Crick or Hoogsteen base pairs erther m the body, 

^ — which approximate physiologica, conditions wkh respect .ton r 
length, «*. HO mM NaCl, 5 mM MgO, Preferabiy, such specmc hybnd zabon 
strengm, 5 , A "recombinant 

— r-^T^n^^ lies HA.-beta, or a 
3=TT-«t-- guousUno acids thereof, oradomn^negadve 
Ltant thereof, or is capabie of expressing an antisense molecuie special! 
Tpiementary thereto, or a sense moiecuie specificaUy homologous there* 
wheLn the recombinant expression unit may be in the form of linear DT^A 
.HA. covalently closed circular ONA or RNA, or as part of a ^chromosom , 
provided however that it cannot be the native chromosomal locus for NAE! be ta 
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nu c.eic acid sequence identity with the nucleic acid seance set ormm SEQ ID NO 
Tie preferab.y a, .east 90%, even more preferab.y at .east 95% and most 
prlaJy at .east 99%, and encode a protein or peptide having erther NAEl-beta 
^activity, as above, or activity as a dominant negauve mutant 

; thereof, as further described below. > r 

■'Dominant negative mutants" are proteins derived horn NAEl-beta or 
HA E1 -a.pha which inhibit the brological activity of NAEL Preferred domrnan, 

0 Led from either NAEt-beta and NAEl-a.pha. Such dominant nega u, mutant 
„ be prepared by art recognized procedures (see e.g., Townsley A at, Proc. Natl. 
Acad ScL US A J— 7 (199,,). Preferably, such dominant negabve mutant „ a 
protein or peptide having from 30% ^ 

und er conditions as described in the fol.owing examp.es by at lea . « 
bv at least 75%, more preferab.y by a. .east 90% and most preferably by at least 99 / 
20 P ef a ly, such inhibitory portion comprises an amino acid sequence spannmg 

Ldue L more preferab.y composes at .east about ^ ^ 

NAE ,beta, or at .east about 50 ad— > ^J^^^ _ acids 
75 additional amino acids of NAEl-beta, or at i fNIAFlb eta For 

~^ ;:^:t:rrr::::r=... 
r:r : r,:r: „~ - . . 



17 



10 



15 



the N-terminal and C-terminal directions from residue 216 are each independent,,, 
11 ammo ac.ds o £ residue 2U, as shown in Figure !, more preferab y w*» 
I, even more preferahiy within 5, and most preferably are immediately ad.acent 
residue 216 as shown in Figure 1. 

The purified protein and its structural information provided herein enables 
the preparation of NAEl-beta-binding molecuies (NAElBBMs). Thus, in a third 
aspe* the invention provides methods for identifying NAElBBMs. One preferred 
me thod according to this aspect of the invention comprises screening for 
NAElBBMs by contacting purified NAEl-beta according to the mvenhon and 
populations of molecules or mixed populations of molecuies and etermmmg the 
presence of molecules which bind specifically to NAEl-beta. Another preferred 
Lthod according to this aspect of the invention comprises rationaUy destgnrng 
lolecules to bind NAEl-beta based upon structurai information from the punfted 
NAEl-beta protein and amino acid sequence d 1S closed herein prov.ded by the 
invention and determining whether such rationally designed molecules bmd 
specifically to NAEl-beta. Molecuies that btnd specifically to NAEl-beta are 
llecules that bind to NAEl-beta with greater affinity than to other unrelated 
:l ns. Preferahiy, binding affinity of the molecule is at least 5-fold greater than 
Lty for unrelated proteins, more preferably a, least 10-fold greater, shll more 
preferably at leas, 50-fold greater, and mo, preferably a, ieast ^ 
aspect of the invention includes NAElBBMs identified by the methods accordtng to 

'Tiled herein, a^NAEl-beta-brnding mo.ecule", or "NAE1BBM", is a 
m0 lecule or macromolecule which binds under physiological conditions to NAEl- 
beta. "Binds under physiological conditions" means forming a cova lent or 
non-covaient association with an affinity of at least 10* M-, most preferably at least 

either in the body, or under conditions which approximate phy.olog.cal 
conditions with respect to ionic strength, e. g ., 140 mM NaCl, 5 mM MgCl, 
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••population of molecules", as used herein, refers to a plurality of identical 
llecu.es. A"mixed population of molecules" refers to a plurality of molecules 
wherein more than one type of molecule is present. 

In certain preferred embodiments, an NAE1BBM according to the uwenhon 
is a peptide or a peptidomimetic. For purposes of the invention, a "pephde" ts a 
' 1 ,e Z comprise/of a Unear array of ammo acid residues connected to each .her 
Tn the Unear array hy peptide bonds. Such peptides according to the mvenbon may 

secondary, tertiary or quaternary structures, as well as intermolecu.ar assocratrons 
0 w th other peptides or other non-peptide molecules. Such intermodular 

: c ahons may be through, without limitation, covalen, bonding (,*., tluoug h 
H Ifide linka/es) or through chelation, electrostatic interactions, hydrophobrc 
"our: -Sen bondlg, ion-dtpole interactions, dipole-drpole interacts 
or any combination of the above. 
15 ,n certain preferred embodiments, such an NAE1BBM compnses a 

complementarity determining region of an antibody 

physiological conditions to a peptide-con.aining epitope of NAEX-beta, or a 

i oLehc of such a complementarity determining region. Eor P = ^ 
invention, a -complementarity determining region of an anttbody rs that porhon 
20 : Z antibody wL binds under pUys.ological conditions to an epitope mcludmg 
any frameworU regions necessary for such binding, and which is preferaMy 
comprised of a subset of amino acid residues encoded by the human hea y charn V, 
D and , regrons, the human light chain V and , regrons, and/or com mat ons 
thereof Examples of such preferred embodiments include an anhbody, or an 
25 antibody derivative, which may more preferably be a monoclonal anhbody, 
human anhbody, a humanized antibody, a single-chain antibody, a chtmenc 
antibodv, or an antigen-binding antibody fragment. 

Those skilled in the art are enabled to ma k e any such antibody denvahves 
using standard art-recognized techniques. Eor example, Jones et al, Nature 221. 
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522-525 (1986) discloses replacing the CDRs of a human antibody with those from a 
mouse antibody. Marx, Science 222: 455- 456 (1985) discusses chimeric antibodies 
having mouse variable regions and human constant regions. Rodwell, Nature 342: 
99-100 (1989) discusses lower molecular weight recognition elements derived from 
5 antibody CDR information. Clackson, Br. J. Rheumatol. 2052: 36-39 (1991) discusses 
genetically engineered monoclonal antibodies, including Fv fragment denvatives, 
single chain antibodies, fusion proteins chimeric antibodies and humanized rodent 
antibodies. Reichman et al, Nature 322: 323-327 (1988) discloses a human anhbody 
on which rat hypervariable regions have been grafted. Verhoeyen, a al, Science 
10 232: 1534-1536 (1988) teaches grafting of a mouse antigen binding site onto a human 
antibody. 

In addition, those skilled in the art are enabled to design and produce 
peptidomimetics having binding characteristics similar or superior to such 
complementarity determining region (see e.g., Horwell et al, Bioorg. Med. Chem. 4: 
15 1573 (1996); Liskamp et al, Reel. Trav. Chim. Pays- Bas 1: 113 (1994); Gante et al, 

Angew Chem. Int. Ed. Engl. 33: 1699 (1994); Seebach et al, Helv. Chim. Acta 79: 913 
(1996)) Accordingly, all such antibody derivatives and peptidomimetics thereof are 
contemplated to be within the scope of the present invention. Compositions 
according to the invention may further include physiologically acceptable diluents, 
20 stabilizing agents, localizing agents or buffers. 

Additional preferred NAElBBMs according to the invention include small 
molecules, which can be identified using screening or rational design approaches as 
discussed later herein. 

25 NAElBBMs can be used in conventional assays to detect the presence or 

absence, and/or quantity of NAEl-beta, NAE1 heterodimer, or NAE1 
heterodimer/NEDDS complex in a biological sample. Thus, in a fourth aspect, the 
invention provides methods for determining the presence or absence and/or 
quantity of NAEl-beta, NAE1 heterodimer, or NAE1 heterodimer/NEDDS complex 
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in . bio.ogical sample. Such methods comprise providing a 
a biologica! sample, allowing the detectable NAE1BBM to bind to NAEl-beta, 
heterodimer, or NAE1 heterodimer/NEDDS complex, if any is present in the 
biological sample, and detecting the presence or absence and/or quantity of a 
complex of the detectable NAE1BBM and NAEl-beta, NAEl-heterodimer, or NAE1 
heterodimer/NEDD8 complex. 

A detectable NAE1BBM is an NAE1BBM which can be detected in an assay. 
Such detection is preferably through the direct or indirect binding of a tag or label on 
the NAE1BBM. "Direct or indirect binding" means that the tag or label may be 
directly connected to the NAE1BBM by intermodular association, or may be 
connected via intermediate molecules to the NAE1BBM by intermodular 
association. Such intermodular associations may be through, without limitation, 
covalen. bonding (e.g., through disulfide linkages), or through chelation 
electrostatic interactions, hydrophobic interactions, hydrogen bonding, ion-d.po,e 
interactions, dipole-dipole interactions, or any combination of the ^ ^ 
tags and labels include, without limitation, radioisotopes, heavy metals, fluorescent 
,abels, chemoluminescent labels, enzymes and enzyme substrates. Preferred 
biological samples include blood, serum, plasma, cells, tissue portions, and cell or 
tissue extracts. In certain preferred embodiments, the method according to this 
as 2 of the invention takes the form of a conventional ELISA or HA. In another 
preferred embodiment, the method employs either direct or indirect 
immunofluorescence. Additiona. preferred embodiments utilize in imaging 
of cells expressing NAEl-beta using conventional imaging agents directly or 
indirectly bound to an NAE1BBM according to the invention. 

Nucleic acid sequences specifically complementary to and/or specifically 
homologous to nucleic acid sequences encoding NAEl-beta can also be used m 
conventional assays to detect the presence or absence of NAEl-beta nucle, aad in a 
biological sample. Thus, in a fifth aspect, the invention provides methods for 
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determining the presence or absence and/or quantity of NAEX-beta nucleic aad m a 
biological sample. In preferred embodiments, such assays are nucleic ac,d 
hybridization and/or amplication assays, such assays comprising providmg to the 
biological sample a nucleic acid sequence which is specifically complementary to 
NAEl-beta nucleic acid. Particularly preferred embodiments include Northern 
blotting, dot or slot blotting, and polymerase chain reaction. 

in a sixth aspect, the invention provides methods for identifying modulating 
ligands of NAEl-beta. Some NAElBBMs are capable of acting as antagonists or 
agonists of NAEl-beta. Thus, the method according to this aspect of the invention 
comprises providing NAElBBMs to an assay system for NAELbeta participation m 
the NEDDS-activation/conjugation pathway, and determining whether such 
NAElBBMs interfere with or enhance the ability of NAEl-beta to participate m the 
NEDDS-activation/coniugation pathway. The NAElBBMs are preferably provrded 
as a population of molecules (most preferably rationally designed molecules), or as 
mixed population of molecules, as for example in a screening procedure. Thas 
aspect of the invention includes antagonists or agonists of NAEl-beta idenhfied by 
JL method according to the invention. Assessment of ability to "interfere with or 
enhance the ability to participate in the NEDDS-acttvation/conjugation pathway 
can conveniently be carried out ustng an in vitro activity system, as later described 
herein. Preferably, such interference or enhancement results in a reduction of 
NEDD8 activation/conjugation of at least 50%, more preferably at least 90%, and 
most preferably, at least 99%, or an increase of NEDD8 activation/conjugation of at 
least 50%, preferably at least 2-fold, more preferably at least 5-fold. 

In a seventh aspect, the invention provides modulating ligands of NAE1- 
beta Preferred modulating ligands are NAElBBMs which act as antagorusts, 
interfering with the ability of NAEl-beta to participate in the NEDD8- 
activation/conjugation pathway. Other preferred modulating ligands are 
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NAElBBMs which act as agonists, enhancing .he ability of 

the NEDDS-activation/conjugation pathway. Preferably, such inhibition or 

T lent is specific the modulating ligand interferes with or enhances the 

" i;::: * ^ - - NEDD8 — ^ « « 

a concentration that is lower than the concentration of the iigand reared to 
oduce another, undated bio.ogical effect. Preferably, the concentration o 
igand retired for NEDD8 actuation/ conjugate modulating ac v y* a^ 2 
1 lower, more preferably at least 5-fold lower, even more preferably a. least 
fold lower, and most preferably a, least 20-fo,d lower than the concentrat on 

red to produce an unrelated biological effect. In certain embodiments, such 
NAElBBMs preferably interact with NAEt-beta to inhibit or enhance the formation 
^TaBI heterodimer, the formation of NEDD8 adenylate, the formatter to, ^a thtol 
lr bond between NEDDS and NAE1, and/or transfer of NEDD8 to NEDD8- 
conjugating enzyme. 

in an eighth aspect, the invention provides methods for modulating the 
. f NEDD8 to NAE1 or its transfer to a NEDDS con)ugating enzyme or a 

' 3 TleTrbiologrca, system", as used here,, .eludes , c ell — 
extracts, cell cultures, ttssue cultures, organ cultures, living plants and animals, 
25 including mammals, including without limitation humans and mice A 
••antagonist" is a molecule which inhibits the biologtcal ac.tvtty of 

In a ninth aspect, the invention provides oUgonudeotides that are specificaEy 
complementary to a portion of a nucleotide sequence shown in Figure 1- Purred 
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, pnts include hybridization probes and antisense oligonucleotides. 

embo of l *. *»» ^ - 

two or more deoxyribonucleotide, or any modifred nucleoside, including 
2 , h alo-nueleos id es, Substituted ribonucleosides, deazanuc.eosides or any 
com nation thereof. Preferably, such ohgonucleotides bave from about 10 to about 
Oulcleosides, more preferably from about 15 -50, and most preferably from about 
15 to 35 Such monomers may be coupled to each other by any of the numerous 
known internudeoside linkages. In certain preferred embodiments, these 
internucleoside linkages may be phosphodiester, phosphotriester, 
phosphorothioate, or pbosphoramidate linkages, or combmahons ther of. The 
erm olrgonudeotide also encompasses such polymers having chermcally modrf ed 
2s or sugars and/or having addrbonal substituents, mcludmg without hmrtatron 
ipophilic g oups, mtercalating agents, diamines and adamantane. For purposes f 
T LentL the term '.-O-subsbtuted' means subsb.ution of the 2 posdro of 
the pentose moiety with a halogen (preferably CI, Br, or P), or an O^ky 
group containing 1-6 saturated or unsaturated carbon atoms, or w. th an O-aryl or 
allyl group having 2-6 carbon atoms, wherein such alkyl, ary. or allyl group may be 
ulLbtlted or may be substituted, e.g., with halo, hydroxy, trifluo— yl, cyano, 
nitro acyl, acyloxy, alkoxy, carboxyl, carbalkoxyl, or amino groups; or such 
mtro.acyi, y y (( duce a rib onucleoside), an ammo 

) substitution may be with a hydroxy group v lu p 

or a halo group, but not with a 2-H group. Certain embodiments of such 
I i onuclfoudl are useful m nybrid.a.ion assay, Other embodiments 
as antisense o.igonucleotides for use in animal model or human therapeutic 
settings. 

In a tenth aspect, the invention provides methods for identifying NAE1- 
a.pha binding molecules (NAElABMs). The present inventors have t enbbed the 
alpha subunit of the NAE1 heterodimer (NAFd-alpha). Surprisingly, has 
alo acid sequence which is substantially identical to a protein prevrously 
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identified as amy.oid precox protein binding protein 1 

, Biol. Chem. 2Z1: 11339-11346 (1996)) One preferred method accordmg t thts aspect 
of the invention comprises screening for NAElABMs by contactmg pur.f.ed 
alpha and populates of molecules or mixed populations of molecules and 
^mtnin L presence of molecu.es which bind specific^ to 
preferably to NAE1 heterodhme, Another preferred method accordmg t timsaspect 
of the invention comprises rationally designing molecules to bmd NAEl-alpha 
b ed upon structural mformation from the NA E1 -a.pha protein idenbhed by the 
prese nt Inventors and deternuning whether such rationally 

bind specifically to NAEl-alpha. This aspect of the invenhon tncludes NAElABMs 
identified by the methods according to the inventton. 

The terms "bind specially", "population of molecules' and mrxed 
population of mo.ecules" are as described prevtous.y. Structural aspects of 
NAElABMs are as discussed above for NAElBBMs, except that NAE ABMs bmd 
5 under physiological conditions to NAEl-alpha. Preferab.y, binding affmtt of the 
mo lecule for NAEl-alpha is at least 5-fold greater than affmrty for unrel 
proteins more preferably a, least 10-fold greater, still more preferably a. least 50 
Trlr 'and most preferably a, least 100-fold greater. Thts aspect of — 
Lludes NAElABMs identified by the methods according to 

As used herein, a"NAEl-alpha-bindtng molecule", or NAE1ABM , . 
molecule or macromolecule which binds under physiologtcal conditions to 
a,pha The terms "binds under physiologica! conditions", "population of 
Ilecules", and "mixed population of molecu,es" are as used previously. 

In certain preferred embodiments, an NAE1ABM accordmg to the mven, on 
25 is a peptide or a peptidom.metic. Eor purposes of the — the term peptide 

is as used previously. 

in certain preferred embodiments, such an NAE1ABM comprtses a 
comp.ementarity determining region of an antibody which binds under 
phyllogical conditions to a peptide-containing epitope of NAEl-alpha, or a 
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peptidomimetic of such a complementarity determining region. For purposes of the 
invention, the term "complementarity determining region of an antibody" 
used previously. Compositions according to the invention may further mclude 
physiologically acceptable diluents, stabilizing agents, localizing agents or buffers 
Additional preferred NAElABMs according to the invention include small 

molecules, which can be identified using screening or rational design approaches as 

discussed later herein. 

NAElABMs can be used in conventional assays to detect the presence or 
absence, and/or quantity of NAEl-alpha, NAEl heterodimer, or NAEl 
heterodimer/NEDDS complex in a biological sample. Thus, in an eleventh aspect, 
the invention provides methods for determining the presence or absence and/or 
quantity of NAEl-alpha, NAEl heterodimer, or NAEl heterodimer/NEDDS 
complex in a biological sample. Such methods comprise providing a detectable 
NAEIABM to a biological sample, allowing the detectable NAEIABM to bmd to 
NAEl-alpha, NAEl heterodimer, or NAEl heterodimer/NEDDS complex, u any ts 
present in the biological sample, and detecting the presence or absence and/or 
quantity of a complex of the detectable NAEIABM and NAEl-alpha, NAE1- 
heterodimer, or NAEl heterodimer/NEDDS complex. 

A detectable NAEIABM is an NAEIABM which can be detected in an assay. 
Such detection is preferably through the direct or indirect binding of a tag or label on 
the NAEIABM. The term "direct or indirect binding" is as used previously- 
Preferred tags and labels include, without limitation, radioisotopes, heavy metals, 
fluorescent labels, chemoluminescent labels, enzymes and enzyme substrates. 
5 Preferred biological samples include blood, serum, plasma, cells, tissue porhons and 
cell or tissue extracts. In certain preferred embodiments, the method accordmg to 
this aspect of the invention takes the form of a conventional ELISA or RIA. In 
another preferred embodiment, the method employs either direct or mdrrect 
immunofluorescence. Additional preferred embodiments utilize m vivo imagmg 



26 



1 



of cells expressing NAEl-alpha using conventional imaging agents directly or 
indirectly bound to an NAE1ABM according to the invention. 

Nucleic acid sequences specifically complementary to and/or specifically 
5 homologous to nucleic acid sequences encoding NAEl-alpha can also be used in 
conventional assays to detect the presence or absence of NAEl-alpha nucleic acid in 
a biological sample. Thus, in a twelfth aspect, the invention provides methods for 
determining the presence or absence and/or quantity of NAEl-alpha nucleic acid m 
a biological sample. In preferred embodiments, such assays are nucleic acid 
10 hybridization and/or amplification assays, such assays comprising providing to the 
biological sample a nucleic acid sequence which is specifically complementary to 
NAEl-alpha nucleic acid. Particularly preferred embodiments include Northern 
blotting, dot or slot blotting, and polymerase chain reaction. 

15 In a thirteenth aspect, the invention provides methods for identifying 

modulating ligands of NAEl-alpha. Some NAElABMs are capable of acting as 
antagonists or agonists of NAEl-alpha. Thus, the method according to this aspect of 
the invention comprises providing NAElABMs to an assay system for NAEl-alpha 
participation in the NEDDS-activation/conjugation pathway, and determining 
20 whether such NAElABMs interfere with or enhance the ability of NAEl-alpha to 
participate in the NEDDS-activation/conjugation pathway. The NAElABMs are 
preferably provided as a population of molecules (most preferably rationally 
designed molecules), or as a mixed population of molecules, as for example m a 
screening procedure. This aspect of the invention includes antagonists or agonists 
25 of NAEl-alpha identified by this method according to the invention. Assessment of 
ability to "interfere with or enhance the ability to participate in the NEDDS- 
activation/conjugation pathway" can conveniently be carried out using an m vttro 
activity system, as later described herein. Preferably, such interference or 
enhancement results in a reduction of NEDD8 activation/conjugation of at least 
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50% more preferably at least 90%. and most preferably, at leas, 99%, or an increase of 
NEDD8 activation/conjugation of a. least 50%, preferably at least 2-fold, more 
preferably at least 5-fold. 

In a fourteenth aspect the invention provides a purified complex of NAE1- 
beta and NAEl-alpha, or of NAEl-beta, NAEl-alpha and NEDD8, or a purified 
complex of portions thereof. The term "complex" means in covalent or 
noncovalent association, preferably with an affinity greater than lOVmole. The 
term "purified" is as used previously. 

In a fifteenth aspect, the invention provides modulating ligands of NAEl- 
alpha. Preferred modulating ligands are NAElABMs which act as antagonists, 
interfering with the ability of NAEl-alpha to participate in the NEDD8- 
activation/conjugation pathway. Other preferred modulating ligands are 
NAElABMs which act as agonists, enhancing the ability of NAEl-alpha to 
participate in the NEDDS-activation/conjugation pathway. Preferably, such 
inhibition or enhancement is specific, i.e., the modulating Ugand interferes with or 
enhances the ability of NAEl-alpha to participate in the NEDD8 activation/ 
conjugate pathway at a concentration that is lower than the concentration of the 
20 Ugand required to produce another, unrelated biological effect. Preferably, the 

concentration of the ligand required for NEDD8 activation/ conjugation modulatmg 
activity is at least 2-fold lower, more preferably a. least 5-fold lower, even more 
preferably at least 10-fold lower, and most preferably at least 20-fold lower than the 
concentration required to produce an unrelated bioiogical effect. In certam 
25 embodiments, such NAElABMs preferably interact with NAEl-alpha to mhtbt. or 
enhance the formation of NAEl heterodimer. the formation of NEDD8 adenylate 
the formation of a thiol ester bond between NEDD8 and NAEl, and/or transfer of 
NEDD8 to NEDD8-conjugating enzyme. 
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In a sixteenth aspect, the invention provides methods for modulating the 
conization of NEDD8 to NAE1 or its transfer to a NEDD8 conjugating enzyme or a 
target protein. One preferred embodiment of the method according to this aspect of 
the invention comprises providing a modulating ligand of NAEl-alpha or a 
recombinant expression urut which expresses NAEl-alpha or an antagonist thereof 
to a biological system in which NEDD8 is conjugated to a NEDD8 conjugatmg 
enzyme or a target protein. 

The term "biological system", as used herein, includes in vitro cell or ussue 
extracts cell cultures, tissue cultures, organ cultures, living plants and ammals, 
including mammals, including without limitation humans and mice. An 
"antagonist" is a molecule which inhibits the biological activity of NAE1. 

In a seventeenth aspect, the invention provides allelic variants of NAE-1 
alpha. An "allelic variant", as used herein, is a protein having at leas, about 75% 
amino acid sequence, preferably at least about 85%, more preferably at least about 
95% and most preferably at least about 99% identity to the amino acid sequence of 
NAEl-alpha, or to a portion or protein conjugate thereof which retains the 
biological activity of NAEl-alpha to form a he.erodimer with NAEl-beta whrch ts 
active in the NEDD8 activation/conjugation pathway. This aspect of the invenhon 
further includes NAEl-alpha allelic variant expression elements. Such elements 
include, without limitation, isolated or recombinant nucleic acid sequences 
encoding NAEl-alpha, or nucleic acid sequences specifically homologous or 
specifically complementary thereto, vectors comprising any such nuclerc actd 
sequences, and recombinant expression units which express NAEl-beta or antisense 
transcripts or dominant negative mutants thereof. Each of these terms is as used 
previously. 

In a eighteenth aspect, the invention provides methods for modulating auxin 
response in plants. The present inventors have discovered that NAEl-alpha shares 
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39% identity and 6!% conserved residues with Auxl in A. Tkaliana, whtch ,s 
Lived in signal transduction in the auxin response in plants. This suggests that 
antagonists of NAEl-beta and/or NAEl-alpha shouid down-regulate the auxm 
response, and that expression of NAEl-beta and/or NAEl-alpha shouid up-regulate 
t ne auxin response (see Leyser * al, Nature 36* 161-164 (1993)). One preferred 
embodiment of the method according to this aspect of the invention compnses 
providing a modulating ligand of NAEl-beta or NAEl-alpha or a recombman 
expression unit which expresses NAEl-beta or NAE1 or an antagonist thereof to a 
plant that is undergoing auxin treatment. 

in a nineteenth aspect, the invention provides methods for modulating the 
biological function of APP and/or beta peptide accumulation in a biological system. 
T ne present inventors have Covered that NAEl-alpha is substantially the same 
protl as amyloid precursor protein binding protein-l (APP-BPl). 
15 that antagonists or agonists of NAEl-beta and/or NAEl-alpha should modulate 
function, including its role in beta peptide accumulation. One preferred 
embodiment of the method according to this aspect of the invention compnses 
providing a modulating ligand of NAEl-beta or NAEl-alpha or a -co— 
expression unit which expresses NAEl-beta or NAE1 or an antagonist thereof 
20 biological system. 

In a twentieth aspect, the invention provides two new purified NEDD8- 
conjugating enzymes. The primary amino acid sequence of a preferred embodrment 
of a first such NEDDS-conjugating enzyme (NCE1) is shown in Frgure 2. The 
25 primary amino acid sequence of a preferred embodiment of a second such NEDDS- 
Lnjugating enzyme (NCE2) is shown in Eigure , However, the terms NEDDS- 
conjugating enzyme 1", "NCE1", "NEDDS-conjugating enzyme 2 , and NCE2 
ILL to include aUeHc variants thereof. An '■allelic variant", as used herem, r a 
protein having at leas, about 50% amino acid sequence identity, more preferably at 
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•east about 75%, even more preferably a, least about 85%, still more preferably at 
,east about 95%, and most preferably a. leas, about 99% identity to tbe amino aod 
sequence set forth in SEQ ID NO 4 or SEQ ID NO 6, or to a portion or protem 
conjugate thereof which retains the biological activity of NCE1 or NCE2 to form a 
5 thioester linkage with NEDD8 under conditions as described in the examples below 
at a rate a. least 10% of that of NCE1 or NCE2, preferably a. least 25% as fast, more 
preferably at least 50% as fast, and most preferably a, leas, 75% as fast. Preferably 
such biologically active portion comprises an amino acid sequence spanning residue 
HI in Figure 2 or residue 116 in Figure 5, more preferably comprises a, leas, about 
0 additional ammo acids of respectively NCE1 or NCE2, even more preferably at leas 
about 50 additional amino acids of respectively NCE1 or NCE2, still more preferably 
at leas, about 75 additional amino acids of respectively NCE1 or NCE2, ye, even 
more preferably at least about 100 additional amino acids of respectively NCE1 or 
NCE2, most preferably at least about 150 additional amino acids 
15 NCE1 or NCE2. Such allelic variants have the biological activity of NCE1 or NCE2, 
as discussed above. In alternative preferred embodiments, such allelic variants are 
either rationally designed or naturally occurring allelic variants, i.e., they are 
expressed in actual individual mammals, most preferably from actual indtv.dua 
humans or mice. Rationally designed allelic variants can be produced according to 
20 standard art-recognized procedures (see e.g., Internationa, publication W095/18974). 
The terms "purified" and "protein" are as used previously. 

In a twenty-first aspect, the invention provides NEDDS-conjugation enzyme 
expression elements. Such elements include, without limitation, isolated or 
25 recombinant nucleic acid sequences encoding NCE1 or NCE2 or dominant negative 
mutants thereof, or capable of expressing antisense transcripts thereof or nucleic acid 
sequences specifically homologous or specifically complementary thereto, and 
vectors comprising any such recombinant expression elements, preferably 
expression vectors. 
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The terms "specifically homologous", "specifically complementary" and 
"specifically hybridizes" are as used previously. A "recombinant expression 
element" is a nucleic acid sequence which encodes NCE1 or NCE2, or a poruon 
encoding at least 20 contiguous amino acids thereof, or a dominant negafve mutant 
thereof or is capable of expressing an antisense molecule specifically 
complementary thereto, or a sense molecule specifically homologous thereto 
wherein the recombinant expression unit may be in the form of linear DNA or 
RNA, covalently closed circular DNA or RNA, or as part of a chromosome, 
provided however that it cannot be the native chromosomal locus for NCE1 or 
NCE2 Preferred recombinant expression elements are vectors, which may include 
an origin of replication and are thus replicatable in one or more cell type. Certa.n 
preferred recombinant expression elements are expression vectors, and further 
comprise a, least a promoter and passive terminator, thereby allowing transcript™ 
of the recombinant expression element in a bacterial, fungal, plant, insect or 
mammalian cell. Preferred recombinant expression elements have at least 75% 
nucleic acid sequence identity with the nucleic acid sequence set forth in SEQ ID NO 
2 OR SEQ ID NO 4, more preferably at least 90%, even more preferably at least 95%, 
and most preferably at least 99%, and encode a protein or peptide having either 
NCE1 or NCE2 biological activity or activity as a dominant negative mutant thereof, 

as further described below. 

"Dominant negative mutants" are proteins or peptides derived from NCE1 
or NCE2 which inhibit the biological activity of, respectively NCE1 or NCE2. 
Preferred dominant negative mutants include variants in which the C at position 
111 of NCE1 or position 116 of NCE2 is substituted, preferably by S. Preferred 
dominant negative mutants interfere with association of NEDD8 and NCE1 or 
NCE2 and can be derived from, respectively, NCE1 or NCE2. Other preferred 
dominant negative mutants interfere with conjugation of NEDD8 to a target protem 
and can be derived from either NCE1 or NCE2. Such dominant negative mutants 
can be prepared by art recognized procedures (see e.g., Townsley et at, Proc. Natl. 
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Acad Sci USA 24: 2362-2367 (1997)). Preferably, such dominant negative mutant is a 
protein or peptide having from 50% amino acid sequence identity to about 99% 
Leltitv toL am.no acid sequence set forth in SHQ ID NO 3 or SEQ ID NO , or to a 
portion or protein conjugate thereof which inhibits the biologica! achv.ty of NCE1 
or NCE2 to form a thioester linkage with NEDD8 under conditions as descnbed m 
the following examples by a, least 50%, preferably by at leas, 75%, more preferably by 
at ,east 90% and most preferably by at least 99%. Preferably, such inhibitory portion 
comprises an amino acid sequence spanning res.due 111 in Figure 2 or residue 116 
in Figure 5, more preferably comprises at least about 25 additional amino aads of 
respectively NCE1 or NCE2, even more preferably at leas, about 50 additional ammo 
acids of respecbvely NCE1 or NCE2, still more preferably at least about 75 additional 
amino acids of respectively NCE1 or NCE2, yet even more preferably at least about 
100 additions amino acids of respectively NCE1 or NCE2, most preferably at least 
about ISO additional amino acids from respectively NCE1 or NCE2. 

The purified protein and its structural information provided herein enables 
the preparation of NCE1 and NCE2 binding molecules, respectively NCElBMs and 
NCE2BMS. Thus, in a twenty second aspect, the invention provides methods for 
identifying NCElBMs and NCE2BMs. One preferred method according to thus aspect 
of the invention comprises screening for NCElBMs or NCE2BMs by contacting 
purified NCE1 or NCE2 according to the invention and populations of molecules or 
Led populations of molecules and determining the presence of 
bind specifically to NCE1 or NCE2. Another preferred method according to this 
aspect of the invention comprises rationally designing molecuies to bmd NCE1 or 
5 NCE2 based upon structural information from the purified NCE1 or NCE2 provided 
by the invention and determining whether such rationally designed molecules bmd 
specially to NCE1 or NCE2. Molecules that bind specifically to NCE1 or NCE2 are 
lecules that bind to NCE1 or NCE2 with greater affinity than to other 
proteins. Preferably, binding affinity of the molecule is at least 5-fold greater than 
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affinity for unrelated proteins, more preferably at least 10-fold greater, still more 
preferably at least 50-fold greater, and most preferably at leas. 100-fold greater. Th.s 
aspect of the invention includes NCElBMs or NCE2BMs identified by the methods 
according to the invention. 
5 As used herein, a"NCEl or NCE2 -binding molecule", or "NCEIBM or 

NCE2BM", is a molecule or macromolecule which binds under physiological 
conditions to, respectively NCE1 or NCE2. The terms "binds under physiolog.cal 
conditions", "population of molecules" and "mixed population of molecules" are 
as used previously. 

10 In certain preferred embodiments, an NCEIBM or NCE2BM accordmg to the 

invention is a peptide or a peptidomimetic. For purposes of the invention, the 
term "peptide" is as used previously. 

in certain preferred embodiments, such an NCEIBM or NCE2BM comprises a 
complementarity determining reg.on of an antibody which binds under 
15 physiological conditions to a peptide-confaimng epitope of, respecUvely NCE1 or 
NCE2 or a peptidomimetic of such a complementarity determining reg.on. For 
purposes of .he invention, the term "complementarity determining reg.on of an 
antibody" is as used previously. Accordingly, all such antibody derivatives and 
pep.idomimetics thereof are contemplated to be within the scope of the present 
20 invention. Compositions according to the invention may further mclude 

physiologically acceptable diluents, stabilizing agents, localizing agents or buffers. 

Additional preferred NCElBMs and NCE2BMS according to the invention 
include small molecules, which can be identif.ed using screening or rational des.gn 
approaches as discussed later herein. 

NCElBMs and NCE2BMs can be used in conventional assays to detect the 
presence or absence, and/or quantity of NCE1, or NCE2, or NCE1 or NCE2/NEDD8 
complex in a biological sample. Thus, in a twenty-third aspect, the invention 
provides methods for de.ermining .he presence or absence and/or quantity of NCE1 



25 



34 



or NCE2 or NCE1 or NCE2/NEDD8 complex in a biological sample. Such methods 
comprise' providing a detectable NCE1BM or NCE2BM to a biological sample, 
allowing the detectable NCE1BM or NCE2BM to bind to NCE1, or NCE1 or 
NCE2/NEDD8 complex, it any is present in the biological sample, and detect.ng the 
presence or absence and/or quantity of a complex of the detectable NCE1BM or 
NCE2BM and, respectively, NCE1 or NCE2, or NCE1 or NCE2/NEDD8 complex. 

A detectable NCE1BM or NCE2BM is an NCE1BM or NCE2BM which can be 
detected in an assay. Such detecdon is preferably through the direct or indirect 
binding of a tag or label on the NCE1BM or NCE2BM- The term "drrect or indrrect 
binding" is as used previously. Preferred tags and labels include, without limitahon, 
radioisotopes, heavy metals, fluorescent labels, chemoluminescent labels, enzymes 
and enzyme substrates. Preferred biological samples include blood, serum, plasma, 
cells tissue portions, and cell or tissue extracts. In certain preferred embodmnents, 
the method according to this aspect of the invention takes the form of a 
conventional ELISA or MA. In another preferred embodiment, the method 
employs either direct or indirect immunofluorescence. Additional preferred 
embodiments utilize in vivo imaging of cells expressing NCE1 or NCE2 using 
conventional imaging agents directly or indirectly bound to an NCE1BM or 
NCE2BM according to the invention. 

Nucleic acid sequences specifically complementary to and/or specifically 
homologous to nucleic acid sequences encoding NCE1 or NCE2 can also be used m 
conventional assays to detect the presence or absence of NCE1 or NCE2 nuclerc acrd 
in a biological sample. Thus, in a twenty-fourth aspect, the invention provrdes 
5 methods for determining the presence or absence and/or quantity of NCE1 or NCE2 
nucleic acid in a biological sample. In preferred embodiments, such assays are 
nucleic acid hybridization and/or amplification assays, such assays compnsmg 
providing to the biological sample a nucleic acid sequence which is specially 
complementary to NCE1 or NCE2 nucleic acid. Particularly preferred embodiments 
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include Northern blotting, dot or slot blotting, and polymerase chain reaction. 

In a twenty-fifth aspect, the invention provides methods for identifying 
modulating ligands of NCEl or NCEl. Some NCElBMs and NCE2BMs are capable 
of acting as antagonists or agonists of, respectively, NCEl and NCE2. Thus, the 
method according to this aspect of the invention composes providing NCElBMs or 
NCE2BMS to an assay system for, respectively, NCEl or NCE2 participation m the 
NEDDS-activation/conjugation pathway, and determining whether such NCElBMs 
or NCE2BMS interfere with or enhance the ability of NCEl or NCE2 to participate m 
the NEDDS-activation/conjugation pathway. The NCElBMs or NCE2BMs are 
preferably provided as a population of molecules (most preferably rationally 
designed molecules), or as a mixed population of molecules, as for example ,n a 
screening procedure. This aspect of the invention includes antagonists or agonists 
of NCEl or NCE2 identified by this method according to the invent.on. Assessment 
of ability to "interfere with or enhance the ability to participate in the NEDDS- 
activation/conjugation pathway" can conveniently be carried out using an » v,tro 
activity system, as later described herein. Preferably, such interference or 
enhancement results in a reduction of NEDD8 activation/conjugation of at least 
50% more preferably at least 90%, and most preferably, at least 99%, or an increase of 
NEDD8 activation/conjugation of at least 50%, preferably at least Wold, more 
preferably at least 5-fold, most preferably at least 10-fold. 

in a twenty-sixth aspect, the invention provides modulating ligands of NCEl 
or NCE2 Preferred modulating ligands are NCElBMs or NCE2BMS which act as 
25 antagonists, interfering with the ability of, respectively, NCEl or NCE2 to participate 
in the NEDDS-activation/conjugation pathway. Other preferred modulating ligands 
are NCElBMs or NCE2BMS which act as agonists, enhancing the ability of, 
respectively NCEl or NCE2 to participate in the NEDDS-activation/conjugation 
pathway Preferably, such inhibition or enhancement is specific, i.e., the modulating 
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ligand interferes with or enhances the ability of NCE1 or NCE2 to participate in the 
NEDD8 activation/ conjugation pathway at a concentration that is lower than the 
concentration of the ligand required to produce another, unrelated biological effect. 
Preferably, the concentration of the ligand required for NEDD8 

5 activation/conjugation modulating activity is at least 2-fold lower, more preferably 
at least 5-fold lower, even more preferably at least 10-fold lower, and most preferably 
at least 20-fold lower than the concentration required to produce an unrelated 
biological effect. In certain embodiments, such NCElBMs or NCE2BMs preferably 
interact with, respectively, NCE1 or NCE2 to inhibit or enhance the formation of a 

10 thiol ester bond between NEDD8 and NCE1 or NCE2, and/or transfer of NEDD8 to a 
target protein. 

In a twenty-seventh aspect, the invention provides methods for modulating 
the formation of a thiol ester bond between NEDD8 and NCE1 or NCE2, or transfer 
15 of NEDD8 to a target protein. One preferred embodiment of the method according 
to this aspect of the invention comprises providing a modulating ligand of NCE1 or 
NCE2 or a recombinant expression unit which expresses NCE1 or NCE2 or an 
antagonist thereof to a biological system in which NEDD8 is conjugated to another 
protein. The term "biological system", as used herein, includes in vitro cell or tissue 
20 extracts, cell cultures, tissue cultures, organ cultures, living plants and animals, 
including mammals, including without limitation humans and mice. 

In a twenty-eighth aspect, the invention provides oligonucleotides that are 
specifically complementary to a portion of a nucleotide sequence shown in Figure 2 
25 or Figure 5. For purposes of the invention, the term "oligonucleotide" is as used 
previously. Certain embodiments of such oligonucleotides are useful as antisense 
probes. Other embodiments are useful as antisense oligonucleotides for use in 
animal model or human therapeutic settings. 



In a twenty-ninth aspect the invention provides a purified complex of NCE1 
and NEDD8, or of NCE2 and NEDD8. The terms "complex" and "purified" are as 



used previously. 



The following examples are intended to further illustrate certain particularly 
preferred embodiments of the invention and are not intended to limit the scope of 
the invention. Searches of the human EST database utilized the program BLAST 
(Altschul et at., Nucleic Acids Res 25: 3389-3402 (1997)). Searches for 
transmembrane helices used the program Antheprot V.3.0 Gilbert Deleague, 
Institute de Biologie et Chemie des Proteines 69 367 Lyon cdex 07, France. 



Example 1 
re paration o f Human NEDD8 
Nucleotide sequence coding the N-terminal 76 residues of human NeddS was 
obtained from a human leukocyte cDNA Library (Life Technologies Tech-Line*", 
Inc) by nested polymerase chain reaction, using 5'-ccg tgt gca gcc cca aac tgg and 5 -aca 
ggg taa aga ggt aaa atg as the first round forward and reverse primer, respectively. In 
the second round, 5'-ggg aat tec ata tgc taa tta aag tga aga cgc and 5'-ccc aag ctt tea tec tec 
tct cag age caa cac were used as the forward and reverse primer, respectively. The 
second PCR product was digested with Ndel and HindHI and ligated to the large 
fragment of a similarly digested PT7-7 vector. The construct was transformed mto 
the E coli strain BL21(DE3)/pLysS (Novagen). NeddS expression was induced by the 
addition of 0.5 mM IPTG. The S100 fraction of bacterial extracts was apphed to a 
Q-Sepharose column in 50 mM HEPES, pH 7.5 and the flow-through which 
contained NeddS was collected, concentrated by ultrafiltration and fractionated by 
size exclusion chromatography on Superdex G75. 
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Example 2 

Idsntiflatien ef NEBBSzAetisaliog Enzyme 
To identify the human NeddS-activating enzyme, we first tested for the 
presence of this enzyme activity by monitoring the incorporation of NeddS in the 
form of a thioester linkage into proteins derived from Hela cells. On the basis of the 
chromatographic behavior of recombinant human NeddS, we generated from Hela 
cell extracts two protein fractions (FI and FH) which are expected to be devord of 
endogenous NeddS as follows. To remove NeddS, 400 mg of protein from He a cdl 
S100 fraction was applied to a 70 ml Q-Sepharose column, equilibrated w.th 50 mM 
HEPES pH 8.0 with 1 mM DTT. Proteins in the flow-through fraction were 
precipitated in 90% ammonium sulfate, diaiyzed and fractionated by size exclus.on 
chromatography on Superdex G75. Fractions which eluted eariier than NeddS were 
pooied and concentrated by ultrafiltration to 15mg/ml and is designated here as FI. 
Proteins retained by the Q-Sepharose were eluted by inclusion of 0.6 M NaCl m the 
equilibration buffer. The co.lected proteins were precipitated with 90% ammomum 
slate and diaiyzed against 25 mM Hepes, pH7.5, and 1 mM DTT and concentrated 
to 15 mg/ml of protein. This fraction is designated here as FIT Fraction II was 
generated by collecting proteins that were retained by an anion-exchange gel 
(Q-Sepharose) while FI was obtained by further fractionation of unretained protems 
by gel filtration. Incubation of «I-Nedd8 with FII, but not with FI, produced a 
radio.abeled band on SDS-gel which migrated at 59 kDa. Formation of tms 
radiolabeled species required the presence of ATP, and this species could not be 
detected when DTT was induded in the SDS : gel sample buffer. Thus, FII contams an 
activity which attaches NeddS to a protein via a DTT-sensitive Itnkage. Incubauon 
of usMfcddS with FI and FII together resuited in the formation of two addrttonal 
radiolabeled bands on SDS-gel, migrating at 30 and 97 kDa. Only the 30 
exhibited DTT sensitivity. One interpretation of this result is the presence of a 
NeddS-coniugating enzyme in FI which serves to accept NeddS from its activating 
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enzyme in FII to form a 30 kDa thioester. 

Example 3 

P..rifiratirm o f NF.nns-ActivaHnp Enzyme 
To purify the protein in FII which forms the DTT-sensitive linkage to NeddS, 
we immobilized NeddS to CH-Sepharose 4B gels and used DTT to elute proteins that 
were initially retained by the gel matrix, as follows. NeddS-affini.y gel was prepared 
by coupling purified NeddS to activated CH Sepharose 4B (Pharmacia) accordmg to 
manufacturer's instructions and lead to the coupling of 5 mg of NeddS/ml of gel 
beads 100 mg of FII protein in a 9 ml reaction buffer containing MgATP and an ATP 
regenerating system was applied to 1 ml of NeddS-immobihzed gel beads at room 
temperature. The column was washed sequentially with 5 bed volumes of buffer A 
(50 mM Tris-HCl buffer, pH 7.5), buffer A with 0.5M NaCl, and buffer A. A buffer 
containing 50 mM Tris-HCl, pH 9.0 and 10 mM DTT was used to elute bound 
proteins. Analysis of the eluted proteins by SDS-PAGE and silver-staining revealed 
the presence of two major proteins that migrated at 60 and 49 kDa. A third major 
protein, migrating at 43 kDa, eluted as a broad peak. When the eluted proteins were 
analyzed by gel filtration chromatography, the 43 kDa protein eluted as a large 
aggregate at the void volume while P 60 and P 49 were found to co-elute wtth a 
retention time similar to that of the 110 kDa ubiquitin-activating enzyme, 
suggesting that these two proteins form a heterodimer. To determine which one of 
these two proteins forms the DTT-sensitive linkage with NeddS, proteins purihed 
from the NeddS-affinity chromatography step were tested. The result is consistent 
with P 49 being the NeddS acceptor. This protein is quantitatively absent only when 
25 ATP or AMPPNP was included in the reaction and only if the electrophoresis was 
carried out in the absence of DTT. The fact that no new discrete protein band was 
detected under conditions in which P 49 was absent is likely due to the presence of 
p60 which precludes the detection of proteins that would migrate with s.rrular 
mobility. In a separate experiment, the use of ^I-NeddS in the reaction led to the 
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detection of a DTT-sensitive 59 kDa band, confirming the presence of a 
NeddS-containing thioester. The ability of AMPPNP to substitute for ATP suggests 
that NEDD8 activation, similar to ubiquitin and SUMO-1, involves the intermediate 
formation of an enzyme-bound NeddS-adenylate prior to thioester linkage. 

Example 4 

Se quence Dp^rmination nf MF.DDS-Artivatinr Enzyme 
To obtain the identity of p49, this protein was excised from an SDS-gel, 
digested with trypsin and peptides were eluted and purified by HPLC as follows. The 
peak fractions from NeddS-affinity chromatography step were concentrated and 
separated by SDS-PAGE, stained with Coomassie Brilliant Blue, and bands 
corresponding to P 49 and P 60 were excised. The gel slices were digested with trypsin, 
peptides were extracted and purified by microbore reversed-phase HPLC (PE-Applied 
Biosystems model 140A/1000S system) on Zorbax SB-C18 silica columns (1x150 
mm) using linear gradients of acetonitrile in 0.08% aqueous trifluoroacetic acid 
(TEA), essentially as described in (J. Pohl et al, FEBS Lett. 272, 200, 1990.). The masses 
of the peptides were determined by matrix-assisted laser desorption ionization mass 
spectrometry (MALDI-TOF) using a Bruker Instruments model ProFlex MALDI-TOF 
instrument operated in the reflectron mode; 2,5-dihydroxybenzoic acid was used as 
the sample matrix. The sequences of the peptides were determined by automated 
Edman degradation on a PE-Applied Biosystems model Procise-HT sequencer 
system operated in the pulsed-liquid mode using manufacturer's supplied 
sequencing cycles. Two tryptic peptide sequences were determined (shown as 
underlined in Figure 1), and these sequences were used to search the protein as well 
as the expressed sequence tag (EST) data bases. Although these sequences did not 
match known proteins in the data bases, two groups of EST clones could be 
identified whose translated amino acid sequence yielded perfect matches to either 
one of the two tryptic peptides. Further homology search with these EST sequences 
identified additional EST clones with overlapping sequences. Analysis of these EST 
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clones enabled us to obtain a contiguous open reading frame (ORF) that encodes a 
442-residue protein which contains the two tryptic peptide sequences. The 
nucleotide sequence of this ORF was confirmed by direct nucleotide sequencing of 
two EST clones (AA40862 and R57021). Analysis of this protein sequence revealed 
three regions of homology with human Ubal. Region I contains the putative ATP 
binding site found in Ubal which is also present in yeast Uba2, and region II 
contains the PXCT sequence motif found in Ubal in which the cysteine residue was 
identified by mutational analysis to form thiolester linkage with ubiquitin. These 
similarities are expected if the activation of NeddS utilizes a mechanism simtlar to 
that of ubiquitin and Sm.3. Since P 49 forms a heterodmter with p60 and functions as 
a protein component of NeddS activation, we designate it as Nae. be(a and p60 as Nae. 
alpha Searches of the data banks with this protein sequence identified an open 
"reading frame in S. pombe, and one in C. elegan which code for similar size 
proteins. In addition, a S. cerevisiae 299-residue protein, despite its smaller size, also 
shows extensive homoiogy with this human protein. These are likely homologues 
of Nae „ a in different species since identical and highly conserved residues among 
these four proteins are interspersed throughout most of the protein whereas that 
homology to Ubal and Uba2 is limited to defined regions only. 



Example 5 
Identification of Nae-alpha 
The similarity between NeddS- and SmtS-activating enzyme in their subunit 
structure suggested that p60 or Nae. alpha would also contain a sequence stretch that 
shares homology to the N-.erminal portion of Ubal. Using procedures similar to 
those with P 49, three tryptic peptide sequences were obtained for p60. These 
sequences FTWATQLPEXTXL, EHFQSYDLDHME, and QTPSFWILA yielded perfect 
matches to residues 123-138, 194-205 and 300-308 in the 534-residue APP-BP1. In 
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addition mass spectrometry of 15 of the tryptic peptides revealed matches within 1 
Da of the expected mass of tryptic peptides of APP-BP1. These matches covered 37% 
of the APP-BP1 sequence. Thus, we concluded that Nae. alpha is indeed APP-BP1. 



Example 6 
Identification and cjorurtg of NCEl 
The putative human homolog of yeast Ubcl2 was identified by searching the 
human EST database for clones having coding sequences that are homologous to the 
yeast protein. An initial search using the yeast protein sequence identified several 
clones Clone AA261836, which contains a coding sequence very similar to a region 
of the yeast protein was used to search for further EST clones. The search led to the 
construction of a contiguous consensus sequence from overlapping clones which 
predicts a gene to encode a protein having 183 amino acids, with a predicted 
molecular mass of 20899 Da. The contiguous nucleotide sequence was obtained 
using nested PCR on a human leukocyte cDNA library. The first PCR used primers 
having the sequence GCAGGATGATCAAGCTGTTCTCGC (forward) and 
CGTGGCGGGGGTGGGTATGCGCCA (reversed). The second PCR used the primers 
CGGG A ATTCC AT ATG ATC A AGCTGTTCTCGCTG (forward) and 
CGCCCAAGCTTCTATTTCAGGCAGCGCTCAAAG (reversed). The PCR product 
was digested with Ndel and Hindlll and ligated with similarly digested plasmid 
pT7-7. The resulting clone, pT7-7-UbcH12, was sequenced to determine the 
nucleotide sequence [SEQ ID NO 3] and deduced amino acid sequence [SEQ ID NO 4] 
shown in Figure 1. Figure 2 shows the alignment of NCEl with yeast Ubcl2. NCEl 
shows 41% identity and 63% homology with yeast Ubcl2. 
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Example 7 
Ex pression and pu rification of NCE1 
BL21 (DE3) bacterial cells (Novagen, Madison,WI; catalog no. 69450-1) were 
5 transformed with P T7-7-UbcH12 plasmid using conventional procedures. The 

transformed bacteria were induced to express the NCE1 protein by adding, to a final 
concentration of 1 mM, isopropyl-b-D-thiogalactopyranoside (IPTG) to an 
exponentially growing culture. The culture was allowed to grow for an additional 3 
hours at 37°C. NCE1 protein was purified from lysed cells by sequential anion 
10 exchange and size exclusion chromatography. For anion exchange chromatography, 
the bacterial extract was loaded at a protein/gel ratio of 15 mg protein/ml gel onto Q- 
Sepharose (Pharmacia, Piscataway, NJ) equilibrated with 50 mM HEPES (pH 7.8) and 
ImM DTT. NCE1 protein was retained by the gel and eluted using a linear NaCl 
gradient in the gel equilibration buffer. Fractions containing NCE1 protein were 
15 determined by assaying for NEDD8 thioester formation. NCE1 was found to elute at 
0.08 M NaCl. Active fractions were pooled and concentrated by microfiltration and 
then subjected to size exclusion chromatography on Superdex-75 (Pharmacia) using 
a column buffer of 50 mM HEPES (pH 7.8), 1 mM DTT and 50 mM NaCl. Fractions 
were assayed for NEDD8-thioester formation. NCE1 eluted at a volume expected for 
20 a 19kDa protein, suggesting that it exists as a monomer. SDS-PAGE analysis with 
Coomassie stain indicated that the preparation was predominantly (>90%) NCE1 
protein. Purified NCE1 protein migrated on an 8% TRICINE gel at a molecular 
weight of 21 kDa (data not shown). Extending the N-terminus of NCE1 with the 
amino acid sequence MHHHHHH resulted in an NCE1 variant protein that retained 
25 activity in NEDD8-thioester formation. The six histidine residues provide a nickel 
binding site and allowed this variant to be purified with Ni-NTA or other metal 
affinity chromatography procedures. 
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Example 8 

Tjuoester formation hPtween NCF.1 and NEDD8 
Proteins (as indicated below) were incubated in a reaction buffer containing 25 
mM Hepes <pH7.0), 10 mM Mg^ and 1 mM ATP for 5 minutes at 30°C The 
reaction was stopped by addition of SDS sample loading buffer. Each sample was 
divid ed into two aliquots, to one of which was added DTT to a final concentration of 
10 mM The DTT-containing sample was heated in a 95°C bath for two minutes. 
Samples were separated on 10% SDS-Tricine PAGE, followed by silver staining. The 
results are shown in Figure 4. Lanes 1-4 are reaction mixtures 1-4. Lanes 5-8 are 
reaction mixtures 1-4 which were incubated with 10 mM DTT and heated to 90°C for 
two minutes prior to electrophoresis. These results show that NCE1 migrates at a 
slower rate in the presence of NEDD8 and Nae, and that this is reversible by DTT. 
Ubiquitin activating enzyme, El, cannot substitute for NAE in providing tlus result. 
These data support the view that NCE1 is a NEDD8 conjugating enzyme which 
forms a thioester with NEDD8 in the presence of activating enzyme, NAE. 
Rpartion No. Proteins 

1 NAE + NEDD8 

2 NCE1 + NEDD8 

3 NCE1 + NEDD8 + NAE 
NCE1 + NEDD8 + ubiquitin activating enzyme, El 
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Example 9 
T^n tifimtion and ^ninfr of NCE2 
The human EST database was searched using as query sequence 
HPNITETICLSLLREHSIDGTGWA. This is the sequence of clone AA306113 and 
bears similarity to the active site of proteins in the UBC protein family. Clones were 
identified which had sequences overlapping the sequence of clone AA306113. The 
identified sequences of the overlapping EST clones were aligned by the program 
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CLUSTALW (See Thompson et al, Nucleic Acids Res. 22: 4673-4680 (1994), or by the 
program SeqMan (DNASTAR, Inc., Madison, WI) to yield a consensus sequence, 
CON1. CON 1 was used to perform searches for additional clones with overlapping 
sequences. The overlapping sequences yielded an open reading frame which 
encodes a protein of 185 amino acids (predicted molecular mass = 21076 Da). Based 
upon homology to known human Ubc proteins, this gene is a member of the 
human Ubc gene family. The contiguous nucleotide sequence of NCE2 was 
obtained using nested PGR on a human leukocyte cDNA library. The first PGR used 
the primers AGCCCAGGGTAAAGGCAGCA (forward) and 
CATGTTAGAGACAAACTGTA (reversed). The second PCR used the primers 
GGGAATTCCATATGCTAACGCTAGCAAGTAA (forward) and 
CCATCGATTCATCTGGCATAACGTTTGA (reversed). The PCR product was then 
cloned into the Ndel/HindHI sites of pT7-7 to generate the plasmid pT7-7-HSUBC17. 
The sequence of the NCE2 gene and its deduced amino acid sequence are shown in 
15 Figure 4. No close homolog exists in the yeast genome. The protein has 46% 
identity and 64% homology with a C. elegans gene (Genebank Accession # CE 
275850) of unknown function (see figure 5). 
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Example 10 
Fv prP^ion and purification of NCE2 
BL21 (DE3) bacterial cells were transformed with P T7-7-UbcH17 plasmid using 
conventional procedures. The transformed bacteria were induced to express the 
NCE2 protein by adding, to a final concentration of 1 mM, isopropyl-b-D- 
thiogalactopyranoside (IPTG) to an exponentially growing culture. The culture was 
allowed to grow for an additional 3 hours at 37°C. NCE2 protein was purified from 
lysed cells by sequential anion exchange and size exclusion chromatography. For 
anion exchange chromatography, the bacterial extract was loaded at a protein/ gel 
ratio of 15 mg protein/ml gel onto Q-Sepharose (Pharmacia) equilibrated with 50 
mM HEPES (pH 7.8) and ImM DTT. NCE2 protein was retained by the gel and 
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eluted using a linear NaCl gradient in the gel equilibration buffer. Fractions 
containing NCE2 protein were determined by assaying for NEDD8 thioester 
formation. NCE2 was found to elute at 0.8 M NaCl. Active fractions were pooled 
and concentrated by microfiltration and then subjected to size exclusion 
chromatography on Superdex-75 (Pharmacia) using a column buffer of 50 mM 
HEPES (pH 7.8), 1 mM DTT and 50 mM NaCl. Fractions were assayed for ^ 25 I- 
NEDD8-thioester formation. NCE2 eluted at a volume expected for a 21 kDa 
protein, suggesting that it exists as a monomer. SDS-PAGE analysis with Coomassie 
stain indicated that the preparation was predominantly (>90%) NCE2 protein. 
Purified NCE2 protein migrated on an 8% TRICINE gel at a molecular weight of 21 
kDa (data not shown). 



Example 11 

Thiopster formation bet w ppn NCE? and NEDD8 
The ability of NCE2 to form a thioester bond with NEDD8 was assessed as 
follows. NCE2 protein, either purified or from bacterial lysate, was incubated with 
125I-NEDD8 (106 cpm/ug) in a buffer containing 25 mM HEPES (pH 7.0), 10 mM 
MgCl 2 , 1 mM ATP and 20nM purified NAE1 or ubiquitin-activating enzyme. The 
reaction was allowed to proceed at 30°C for 5 minutes. The reaction was stopped by 
adding SDS-sample buffer either with or without 10 mM DTT. The samples were 
subjected to SDS-PAGE and autoradiography. In the reaction containing NCE2 (lane 
3), the autoradiograph showed two radiolabeled bands with apparent molecular 
masses of 7 and 29 kDa, which are the expected molecular masses of NEDD8 and 
NEDD8-NCE2, respectively. Only the 7kDa band was detected when the sample was 
incubated in 10 mM DTT prior to electrophoresis, consistent with the 29 kDa band 
being a NEDD8-NCE2 thioester. Analogous reactions containing NCE1 in place of 
NCE2 (lanes 2 and 4) are shown for comparison. These results demonstrate that 
NCE2 is capable of forming a thioester bond with NEDD8, but not with ubiquitin, in 
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a NAE-dependent reaction. These data support the view that NCE2 is a NEDD8 
conjugating enzyme. 

Example 12 

5 Preparation of dom inant negative mutants 

The active site cysteine of a cloned NCE1 or NCE2 is assigned by examining 
the sequence alignment with known Ubc proteins (see Figure 6 for alignment). The 
active site cysteine is replaced by a serine using standard site-specific mutagenesis. 
The mutant protein is expressed in bacteria and purified. The ability of the mutant 
10 protein to form a stable oxygen ester with NEDD8 is established as described in 
Examples 8 and 11 above, except that the bond formation is not labile in DTT. 
Dominant negative mutant activity is then established by introducing the mutant 
protein in increasing concentrations in an assay as described in Examples 8 and 11 
above and demonstrating dose-dependent inhibition of NEDD8/NCE1 or NCE2 

15 complex formation. 
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